We undertook a literature review of the impacts of horse riding in conservation areas, and used it to guide management of horse riding in Canberra Nature Park (CNP), a large, fragmented semi-natural park in and around the city of Canberra in the Australian Capital Territory. The literature review established that, because of their relatively large weight and small area in contact with the ground, horses have a relatively high potential for doing environmental damage. Impacts tend to be generally lowest for hikers, followed by motorcycles, horses and four-wheeled vehicles. One study showed horse traffic caused more damage on established trails than motorcycles, off-road bicycles or hikers. Most published studies of horse-riding impacts in Australia have been conducted in alpine and subalpine environments, and in temperate woodlands and forests on sandstone near Sydney. They have shown that impacts are generally highest in previously untracked areas. Impacts on established trails are generally most marked on sections of trail that are wet, boggy or steep, and on unplanned and unmaintained trails. Impacts are lowest on constructed and maintained trails. Trail proliferation, associated with avoidance of untrafficable sections and short-cutting, can be a major problem. Horses also have potential to spread weeds, because pastures and dried stock feeds contain large numbers of weed seeds that retain high levels of viability in horse manure. The risk of weed establishment is highest when manure is deposited in disturbed, damp sites, particularly when riding off-track. Much less weed establishment is apparent when horse riders remain on-track. Horse riding is a popular activity, but one that is relatively expensive to provide for, and one that may reduce opportunities for lower-impact recreational park users. For all these reasons it appears socially equitable that provision is made for lower numbers of horse riders compared to numbers of park users involved in lower impact, more passive, recreational activities. We conclude by describing how this information was used to develop principles to guide management of horse riding and assess risk at individual sites in Canberra Nature Park.
advocates of horse riding claimed they had been discriminated against because they were no longer allowed in some areas they had previously used. Many non-equestrian residents were vocal in their disapproval of horse riding being permitted anywhere in the park, largely because of perceived threats to conservation values. Resolution of the debate was hampered by a perceived lack of scientific evidence about horse-riding impacts in environments like those in CNP. In September 1998, the ACT Legislative Assembly recommended:
That the government seek expert advice . . . on the whole issue of horse riding in Canberra Nature Park . . . In particular, advice should be sought on the competing claims about the effect of horses on conservation areas and on how best to ensure the present conservation priority can be upheld in the context of adjacent city use of Canberra Nature Park.
A consultant was contracted to prepare a report examining published evidence on the impacts of horse riding in conservation areas comparable to CNP. This article presents a summary of that report and the horse-riding policy that was developed from it for areas of CNP.
The Canberra Nature Park context
Introduction H orse riding in conservation areas is a contentious issue, particularly on the outskirts of cities, where increasing use of parks by all types of users places greater pressure on park resources and creates greater potential for conflict between different user groups. This is exemplified by debate about the appropriateness of horse riding in Canberra Nature Park (CNP), a large, fragmented, semi-natural park in and around the city of Canberra in the Australian Capital Territory (ACT) (Fig. 1) . The debate was fuelled recently by the release of a draft Plan of Management for the park that rationalized pre-existing patterns of use by permitting horse riding along a limited number of designated routes. Some with regional extinction. To date, 22 species and two ecological communities have been declared vulnerable or endangered in the ACT. Both of the endangered communities and 11 of the threatened species have been recorded or have potential to occur in CNP (Environment ACT 1998) .
No data are available on the total numbers of recreational park users. Of the 550 respondents who supplied individual submissions to the draft Plan of Management, 77% visited the park more than once a month (Environment ACT 1998) . Their most popular recreational activity was walking (around 90% of respondents). In addition to passive enjoyment (walking, jogging, picnicking etc.) , the other recreational activities that have been permitted in the park are:
• bicycling (permitted in all 27 reserves, but restricted to formed vehicle trails)
• dog walking on leash (permitted in 17 reserves, with no restrictions about trails)
• horse riding (permitted in 12 reserves, and restricted to authorized trails).
Cars and motorcycles are not permitted in any of the reserves (except for management purposes).
Although there are no data on the number of horse riders using CNP, the ACT Equestrian Association estimated it had approximately 2000 members in 1992 (Manning 1993) , many of whom would presumably ride regularly in CNP. There has been extensive provision for equestrian trails on public land in the ACT, including within conservation areas; the Canberra's Equestrian Trails pamphlet (ACT Government undated) shows 108 km of trails close to urban areas and an additional 60 km in Namadgi National Park, well to the south of the city. Nearly 40 km of trails are shown in CNP. The remaining urban trails skirt around residential areas and traverse areas of public open space, including softwood plantation forests. Underpasses and bridges have been constructed in a number of locations. The trail system has been planned to link government horse-holding paddocks and equestrian activity areas, and to connect with rural trails. The Bicentennial temperate, with an annual average rainfall of 634 mm and temperature of 19.4°C.
P a r k m a n a g e m e n t a n d p r ee x i s t i n g p r o v i s i o n f o r h o r s e r i d i n g
Conservation of the natural environment is recognized in legislation as the paramount management objective for CNP; provision for public use is a secondary objective (Land Planning and Environment Act 1991) . Sites with special conservation significance include habitat for native flora or fauna, and sites of particular cultural, landscape or geological significance (Environment ACT 1998). Special legislative provisions under the Nature Conservation Act 1980 apply to native plants and animals declared as threatened fringe of around 200 km and more than 6000 residential leases adjoining its boundaries. This means there are management issues for CNP that are typical of many other peri-urban parks such as: fragmentation, high rates of visitor use, provision of areas for public utilities, and greater vulnerability to domestic pets and urban encroachment. Canberra Nature Park occurs mainly on isolated hills and ridges of erosion-resistant rock and rolling country formed on moderately weathered rocks. The native vegetation is a mosaic of dry open eucalypt forest, grassy woodland and grassland, some of which retains habitat for threatened flora and fauna (Environment ACT 1998). Some areas contain mostly exotic species or mixtures following tree clearing or prior land uses. The regional climate is sub-humid and National Trail uses part of the trail system to pass through the ACT (Canberra's Equestrian Trails pamphlet, ACT Government undated).
Equestrian trails are rarely single purpose, however, and are frequently used by walkers, joggers and cyclists (Manning 1993) . This can cause problems for horse riders, particularly when dogs, trailbikes and cyclists frighten horses. Also, ACT equestrians have identified a number of other problems with the trail system, including poor maintenance of trails, problems with lack of separation from traffic when the trail travels along road verges, and unsafe road crossings (Manning 1993 ). These problems place greater pressure on the trails within CNP. Within the Park, there is a relatively low level of provision for rider satisfaction, with authorized loop trails designated in two reserves only.
S o c i a l a t t i t u d e s
Many local residents have been vocal in their disapproval of pre-existing horseriding policies in CNP, largely because of perceived risks to conservation values. ROASTING Inc. (Residents of Adjoining Suburbs Taking Interest in Nature reserve Governance) is a community group set up in 1998 for the purpose of 'defending the conservation values of the nature reserves of CNP ' (P. Bell, convenor of ROASTING Inc., pers. comm., 2000) . It has made numerous submissions to government that are critical of management of horse riding in CNP. There is also an active, volunteer, Park Care program supported by Environment ACT. Because weed control is one of the major activities undertaken by Park Care groups, they are understandably very concerned about the potential for horses to contribute to spreading weeds into natural areas of the park.
A questionnaire survey conducted by park rangers between December 1995 and April 1996, however, provides some interesting indications that the wider community of CNP users appears to be relatively tolerant of current levels of horse riding in the Park. The survey's results need to be interpreted with caution as it is far from definitive; it was not prepared by qualified researchers, was undertaken in an unstructured manner, and may not have accessed the full range of users (Odile Arman, Manager, Canberra North District, pers. comm., 2000) .The survey sought the opinions of 81 people using The Pinnacle, one of the Park reserves where horse riding has been particularly contentious. The respondents were engaged in a range of activities including walking (49%), dogwalking (16%), mountain-bike riding (16%) and jogging (11%). None was engaged in horse riding. Nearly all (94%) had used The Pinnacle before and many (81%) were regular users. Nearly all (95%) knew that horse riders used the reserve and nearly all (95%) were happy with the current level of use. Fewer people said they would be happy with an increased level of horse riding but they were still in the majority (62%).
Scientific evidence about effects of horse riding
A review of the scientific literature revealed there has been relatively little quantification of the effects of horse riding in Australian conservation areas, particularly in environments like CNP. However, numerous studies have been conducted in other areas, as summarized below.
E n v i r o n m e n t a l i m p a c t s o f t r a m p l i n g

Mechanical forces exerted by a horse and rider
The most immediate impacts on soil and vegetation caused by a horse or any other animal are those due to forces transmitted through the animal's feet.The size of these forces is a function of the gravitational forces associated with the animal's weight, and the greatly increased forces created by movement (Liddle 1997) . Gravitational force can be converted to pressure by dividing weight by the area in contact with the ground. Calculations of this sort show that the static pressure exerted by a shod horse and rider is more than 20 times the pressure exerted by a man wearing boots and more than twice the pressure exerted by a trail bike or four-wheel-drive vehicle (Table 1) .
These pressures apply to static forces only; the combination of horizontal, lateral and vertical forces that come into play during movement are much greater, but also much more complex. The forces required to accelerate, decelerate or turn increase the complexity even further, as do interactions among these various forces and the ground surface (Liddle 1997) . Rather than attempting to measure these complex forces, most studies focus on their net impacts on soils or vegetation.
Development of trails in previously untrodden areas
The greatest impacts of trampling generally occur on previously untrodden ground, where some disruption of the soil surface and damage to vegetation invariably occurs. This is particularly so in the montane areas where most scientific studies of the impacts of trampling on previously untracked soils have been done. Gillieson et al. (1987) quantified relationships between soil and vegetation changes on newly developing horse tracks in subalpine grassland in Kosciusko National Park in Australia. They found that Weaver and Dale (1978) compared the effects of hikers, horses and motorbikes on previously untracked soils in natural grassland and shrubby pine forests in the mountains of Montana, USA. After 1000 passes they found that damage tended to be least on grassy and stony sites, and was generally greater on slopes than on level ground. Motorcycles were most damaging when going uphill while hikers and horses were most damaging when going downhill. In all the environments studied, horses tended to cause most damage and hikers the least. However, the motorbike in their study was small (90cc) and slow moving (20 km/h); they cautioned that a larger or faster vehicle would be likely to cause more damage. Weaver et al. (1979) later undertook a comprehensive review of trail development and recovery in montane regions in north-west USA. They concluded that, in terms of soil bulk density, bare ground, trail depth and trail width, impact generally increases with increased user numbers regardless of user identity, but that impact per number of user passes generally increases from hiker, motorcycle to horse. Liddle (1997) used these data and several other sources of information to calculate and compare use-thresholds for different types of users (Table 2 ). In three different environments, tolerance to trampling (indicated by a high usethreshold) was consistently highest for walkers, followed by motorcycles, horses and a light van.
The relatively high use-thresholds shown by grasslands in the Rocky Mountains (Table 2) have also been demonstrated in Australian alpine grasslands. In the Central Plateau of Tasmania, for example, Whinam et al. (1994) showed that 20-30 horse passes were sufficient to cause changes in shrubland, herbfield and bolster heath, but had little effect on dry grassland.
There are relatively few other data comparing use-thresholds for horse riding in different environments, but Liddle (1997) compiled an extensive set of data comparing pedestrian use-thresholds (Table 3 ). These data indicate that, at least for walkers, some types of eucalypt woodland have an extremely low tolerance of trampling.They also illustrate the huge range of tolerances shown by similar vegetation types in different environments. For example, grasslands on sand dunes in Scotland have a relatively low use-threshold, but pastures on sand dunes in Wales and subtropical grasslands near Brisbane have the highest use-thresholds of any of the vegetation types compared. There may also be seasonal differences. For example, Weaver et al. (1979) found that trampling the Rocky Mountains in spring had generally smaller impacts on vegetation. Rates of recovery also varied, with montane grassland recovering more quickly than forest. Liddle (1997) suggested that the productivity of different environments might be a useful predictor of their tolerance of trampling, with vegetation in productive environments tending to be more tolerant of trampling. However, this is a generalization that needs to be treated with caution; damp areas are frequently very productive but they are also very vulnerable to trampling damage, and fertile areas while productive are often vulnerable to weed invasion.
Changes in plant composition. Usethresholds usually indicate gross changes in vegetation cover or structure, but more subtle changes in plant composition also occur. Dale and Weaver (1974) and Weaver et al. (1979) found that, although the biggest impacts occur on the trail itself, Source: data compiled by Liddle (1997) . Source: data compiled by Liddle (1997) .
changes were also apparent away from its edges. Not only did some plants common in forest understorey, particularly shrubs and taller trees, disappear from the edge of trails, other plants, especially introduced and native grassland species, became more common.
There are probably multiple causes of these differences, including direct effects of trampling and changes in light, seed supply, soil water and nutrients following soil disturbance. In an English heath, Liddle and Chitty (1981) showed that elevated soil nutrients were particularly important in contributing to changes in the composition of plant species along horse tracks. Although some of the nutrients may have come from manure, they suggested that much of the increase in nutrients may have come from breakdown in soil organic matter and other soil changes caused by trampling.
Impacts on existing trails
Existing trails are more robust, and horse riding on them may cause neglibible damage in some environments. In a study in the Rocky Mountains of Colorado, Summer (1980 Summer ( , 1986 found that the most influential factors affecting trail degradation were soil parent material, texture and organic content, grade of trail and sideslope, rockiness, and type of vegetation. In the environments she studied, trails were most resistant to damage by horse traffic when they crossed rock outcrops,slopes of talus (broken fragments of bedrock), and tops of moraines. Trails on level valley floors and terraces with well-drained soils were resistant to erosion,but susceptible to trail widening over time. The trails most vulnerable to horse traffic were those that crossed colluvial slopes (colluvium is rock and soil transported by gravity), moraine sideslopes, wet bogs and alpine areas. Gillieson et al. (1987) found similar differences in vulnerability along an established horse trail in subalpine woodland in Australia, with impacts on plant cover being most marked on the wettest parts of the trail.
One of the most detailed studies of impacts on trails constructed to different standards (Table 4) was undertaken by Upitis (1980) , in eucalypt forest on sandstone soils in Ku-ring-gai Chase National Park near Sydney. Horses accounted for around 80% of the trail use during her study.In general,trail condition was poorest (in terms of erosional features and sediment movement) on trails in construction class 1 (unplanned and unmaintained) and best on trails constructed to class 3 (constructed and maintained), even though class 3 trails tended to have the highest levels of use. In addition, trails on steeper slopes (greater than about 7°in this environment) were frequently in poor condition, regardless of class of construction. Wilson and Seney (1994) in the Rocky Mountains in Montana compared impacts on established trails from a range of recreational uses. They found that horses and hikers contributed more to sediment movement than either motorcycles or off-road bicycles, and that this effect was most pronounced when trails were wet. Horse traffic yielded the most sediment movement overall, on both wet and dry tracks. In a recent study of recreational impacts in the Wet Tropics World Heritage Area in north-eastern Queensland, Turton and colleagues assessed biophysical impacts on both walking and mountain-bike tracks Turton et al. 2000) . The relative impacts of the two activities have yet to be compared, but indicators of impact levels appear similar on both types of tracks. Whinam and Comfort (1996) showed that there were big differences among vegetation types in the amount of track degradation caused by horse riding on pre-existing trails in subalpine environments in Tasmania. The sites they monitored were cross-sectional transects located across existing commercial horseriding trails. All were affected by horse traffic, but those in eucalypt forest and moorland were affected most and those in rainforest least (Table 5 ). The highest rate of soil loss occurred from a site in eucalypt forest where there was a log across the trail, the next highest loss was from a peaty moorland site. Rates of soil loss were lowest from the rainforest sites, possibly Source: Whinam and Comfort (1996) Note: the gain in soil recorded at one site was due to the shoulders of the track collapsing in across the monitoring transect.
Differences among users and vegetation types. Experimental work by
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because of churning and re-working of the humus soil between tree roots.
Impacts on formed roads
With the exception of the study by Upitis (1980) , most of the research that has been done on the impacts of horse riding on trails has not described how the trails were constructed. However, the usual inference is that the trails have mainly developed through repeated use. In many conservation areas in Australia (e.g. many Victorian national parks), horse riding occurs on vehicular roads constructed for purposes such as management access and bushfire management. Provided trails such as this are maintained and do not traverse steep slopes, they may be capable of sustaining relatively high levels of use by horses and vehicles (Upitis 1980) .
Trail proliferation
Recreational users do not always stay on established trails. In a general discussion of effects of hikers and horses on mountain trails, McQuaid-Cook (1978) noted that trail proliferation is one of the biggest environmental issues associated with trails. For example, trails making long stretches of switchbacks up a steep slope are frequently disregarded in favour of faster, but much more damaging, short-cuts straight up the hill. Also, if the surface of an existing trail becomes untrafficable due to damage or tree fall, riders bypass the damaged section by riding around it. Trail braiding of this sort has been demonstrated in subalpine environments in Tasmania (Whinam & Comfort 1996) and in lowland eucalypt forests near Sydney (Upitis 1980 ). Upitis estimated the rate of proliferation of trails in Ku-ring-gai Chase National Park to have been about 0.6 km/year during the 30 years prior to her 1980 study. McQuaid-Cook (1978) suggested that horses, especially when shod, cause more damage than hikers on steep short-cuts. He also suggested that equestrian trails generally have a less compacted and often more incised path than pedestrian trails, particularly in areas of moderate slope. This he attributed to shod hooves tending to loosen and move soil rather than flatten and harden it. However, these suggestions need to be treated with some caution, since no scientific evidence is cited in their support.
C o n t r i b u t i o n o f h o r s e s t o t h e s p r e a d o f w e e d s
The contribution of horses to the spread of weeds is one of the key environmental concerns raised by members of the community concerned about horse riding in CNP (Standing Committee on Urban Services 1998).
Horses as agents of weed spread.
There is potential for horses to act as agents of spread of the plants they eat, because seeds of many plant species pass uninjured through the digestive tracts of horses. Small seeds or seeds with hard seed coats have the highest levels of survival, with highest rates of transmission 2 and 3 days after ingestion. However, a small number of seeds may be passed up to 13 days after ingestion (St John-Sweeting & Morris 1991). Weaver and Adams (1996) recorded 29 plant species germinating from horse manure samples collected from horse trails in three national parks in Victoria.The most widespread and abundant species were Winter Grass (Poa annua) and Hare's-foot Clover (Trifolium arvense).
Sources of potential weed seed in horse diets include both local pastures and dried stock feeds, which may be rich in weed seed. For example, hay and grain imported for feeding livestock during the 1980-1981 drought in southern New South Wales contained viable seeds of many weedy species. The most common were Paterson's Curse (Echium plantagineum), Wild Radish (Raphanus raphanistrum), Sorrel (Acetosella vulgaris), Swamp Dock (Rumex brownii), Buchan Weed (Hirshfeldia incana), Knotweed (Polygonum aviculare) and Onion Grass (Romulea rosea) (Thomas et al. 1984) .
Weed establishment in disturbed areas.
Horse trails may also provide environments suitable for establishment of many species of weeds, regardless of the primary agent of transport of the seed. Many introduced herbs (grasses and forbs) seed prolifically, and opportunistically occupy disturbed spaces. They also tend to have high relative growth rates and compete vigorously for available moisture, thereby inhibiting recruitment of native species; tendencies that are exacerbated in nutrient-enriched sites. Thus, disturbed sites within any environment are very vulnerable to invasions by many species of introduced grasses and forbs; and sites such as watercourses are particularly vulnerable because they also represent the mesic end of local moisture gradients (Humphries et al. 1991) . The extent to which horse trails provide conditions for weed establishment therefore depends on the degree of disturbance associated with them, and their moisture and nutrient status. Logically, the potential for weed establishment on horse trails is likely to be greatest on softened tracks in damp areas, particularly if soils are also fertile. Manure deposited in disturbed, damp sites could pose a particular risk.
Horses and weed spread in conservation areas. Despite the clear potential for weeds to be spread by horses and/or establish along horse trails,there have been relatively few scientific studies of this issue. Gibbs (1993) cites unpublished work by Ziegeler suggesting that there are greater levels of weed infestation in Tasmanian wilderness areas along tracks frequented by riding parties when compared with walking tracks. In experiments with horse manure in alpine environments in Tasmania, Whinam et al. (1994) showed that the highest rates of weed establishment occurred at shrubland sites where the soil had been disturbed and grazing by rabbits and native marsupials was experimentally excluded. However, few weeds established in open plots that were not protected from grazing by wild animals, particularly in grassland. Nor were any weeds observed during a study of the impacts of horse riding on pre-existing trails in the Central Plateau Conservation Area of Tasmania (Whinam & Comfort 1996) . Similarly, Gillieson et al. (1987) did not record any weed establishment during their study of horse-riding impacts in tussock grassland in Kosciusko National Park.
The most comprehensive study undertaken of horse and weed association in Australian conservation areas is that of Weaver and Adams (1996) in Kinglake, Otway and Alpine National Parks in Victoria. They found there was substantial overlap in the weed species germinated from horse manure and the weeds present along trails used by horses, indicating that horses were probable agents of spread of at least some of the weeds established along trails. However, they also cautioned that many of the species that can germinate from manure were not present on track verges, presumably because track conditions did not favour their establishment. There are several possible reasons. For example, Liddle and Chitty (1981) suggested that lack of water may inhibit some species from establishing on trails in dry environments, while Whinam and Comfort (1996) suggested that continued churning by horses may also inhibit successful establishment of some species that germinate from manure. Weaver and Adams (1996) cautioned that many of the weed species associated with horse trails may also be introduced by vectors such as vehicles and birds. For example, Hatton (1989) showed that Sweet Briar (Rosa rubiginosa) can be spread by both horses and birds together, or by either in isolation if the other is not present; and Wace (1979) showed that there is considerable potential for weeds to be spread by vehicles. Weaver and Adams (1996) concluded that, while banning horse riding would not necessarily prevent weeds from spreading to nature reserves, concerns about dispersal of weeds by horses are legitimate. They also found that when horses were closely confined to a track, weed establishment was much reduced. They sampled weed distribution away from seven tracks, five of which had no physical constraints on off-track riding and two of which were constrained by very steep slopes on either side of the track. Near the tracks where horses were not constrained, numbers of weed species showed a clear pattern of decline with distance from track, with some weed species still apparent 20 m from the track margin. However, only one species, Winter Grass, established near the two tracks where horses were constrained, and it was restricted to the track margins.
S o c i o e c o n o m i c i s s u e s
Management objectives
There are agreed national standards for management of protected areas when the primary purpose is nature conservation (Australian Nature Conservancy Agency and New South Wales National Parks and Wildlife Service 1995). Two points are particularly relevant when a specified, legally defined State or Federal management objective is oriented to protection and maintenance of biodiversity. The first is about the concept of 'natural' in the Australian context:
. . . ecosystems presumed to be present at the time of European settlement (1788) represent natural ecosystems; and 'natural' areas are those which largely retain the landscape character that existed prior to European settlement. (p. 6)
The second point of agreement is about land allocation when there are conflicting land uses:
At least three-quarters and preferably more of the area must be managed for the primary purpose of biological conservation; and the management of the remaining area must not conflict with that primary purpose. (p.10)
Since horses are not native animals there is usually legislation governing whether, and if so where and when, horses may be taken into public land managed for nature conservation. There may also be legislative restrictions on the type of building and other works permitted on public conservation land. This could constrain the construction or maintenance of roads, tracks, fences, gates or other infrastructure or amenities provided for equestrian use.
Most urban conservation areas are also managed to provide for some level of recreational use, as is the case in CNP (Land Planning and Environment Act 1991) .
Provision for recreation
The challenge for management is to provide a balance between allowing people to visit and experience conservation areas without causing the areas to become so degraded that they lose their conservation value. Furthermore, because different sections of the Australian community enjoy different recreational activities, potential exists for some activities to reduce the spectrum of recreational opportunities available for others. While various models (reviewed by McArthur 2000) have been used to determine appropriate management provision for recreation, one of the most widely applied to natural areas in Australia is the Recreational Opportunity Spectrum (ROS) (van Oosterzee 1984; McArthur 2000) . Under this model, each recreation opportunity is seen as having natural dimensions such as landscape and vegetation, recreational dimensions such as the level and nature of use, and management dimensions such as facilities and regulations. The management dimensions seen as appropriate for providing natural recreational opportunities include semi-natural access and non-mechanical forms of conveyance (feet mainly), limited and natural-appearing onsite management, infrequent social interactions, limited regimentation of visitors, and limited evidence of visitor impact (Clark & Stankey 1979 , cited in van Oosterzee 1984 .
Popularity of horse riding
Horse riding is a popular recreational activity in Australia, receiving various levels of government recognition and support. The Bicentennial National Trail, a joint project between government agencies and equestrian associations, provides a continuous route for riding horses from Cooktown in Queensland to Melbourne in Victoria, passing through the ACT en route. Some sections of the Bicentennial National Trail pass through conservation areas. Independently of the Bicentennial National Trail, urban conservation areas in several States experience high levels of equestrian activity, reflecting the popularity of horse riding among suburban residents. Few detailed data are available, however, numbers of horse riders using several of Sydney's suburban National Parks were estimated at more than 1000 during 1995 (Harden 1996 .
Potential for conflict between users
As with many other aspects of the controversy surrounding horse riding in conservation areas, there is surprisingly little documentation about how it is perceived by other users. Australian reviews generally cite American work. For example, Harden (1996) cites work by Watson et al. (1994) in the John Muir Wilderness, USA, that found about onethird of walkers who met horse riders disliked the encounter, although their reasons were not stated. Gibbs (1993) cites work by Stankey (1973) in wilderness areas in Wyoming, where user perceptions of conflict varied with environment and level of use. In one area where backpacking was the norm, 59% of parties preferred not to meet horse riders, while in a second area where stock use was common only 21% of walkers preferred not to meet horse riders.
In the United Kingdom, Banister et al. (1992) surveyed the attitudes of walkers, anglers and cyclists to other users along canal-side towing paths popular for a range of recreational activities. The users reported as being most likely to affect respondents' enjoyment if their numbers increased were motorcyclists (who were almost universally disliked) and horse riders (disliked by about half of respondents). Cyclists were disliked by about a third of respondents, anglers by about 20% and walkers by about 10%.
Conversely, other recreational activities may cause problems for horse riders. Horses may be frightened by loud noises, sudden movements and unfamiliar objects and may therefore be startled or become uncontrollable if suddenly confronted with other trail users, particularly cyclists and dogs (Manning 1993) . Because of the size and nature of horses, they may pose risks to the safety of riders or other recreational users of public conservation areas. There is anecdotal evidence that potentially risky encounters with other users occur, but there is little evidence of horse-related injuries occurring in conservation areas.
Financial costs
The financial costs associated with managing facilities for horse riding can be substantial. Gibbs (1993) reported that the North Metropolitan District of the New South Wales National Parks and Wildlife Service allocated $80 000 from its annual budget to maintain a network of bridle tracks in Ku-ring-gai Chase National Park and other north metropolitan parks. Harden (1996) cited an unpublished report by Davidson et al. (1994) that estimated it would cost $325 000 to repair and upgrade 33 km of horse tracks in Ku-ring-gai Chase (excluding supervision costs), and a further $34 000 per annum for maintenance. Thus the estimated cost of repairing and upgrading tracks in this dry eucalypt forest was approximately $10 000 per km initially, plus an extra annual expenditure of $1000 per km for maintenance. Similar costs were estimated for track works in subalpine environments in Tasmania (Whinam & Comfort 1996) . The cost of rehabilitating 2 km of four-wheel-drive track used by riders was estimated to be of the order of $17 000, while the cost of basic hardening of 900 m of track was estimated at $26 000. Track drainage, realignments to avoid problem areas and track hardening are the main forms of track remediation recommended by Harris (1993) for the horse tracks in the Victorian Alps.
Policing and enforcing compliance with restrictions on access can also be costly in terms of staff time and provision of infrastructure such as signs, fences and access points. Current estimates of costs for infrastructure used to manage horse riding in CNP include: $100-200 per sign, $4500 per km for fencing and $1500 per cavaletti crossing. (Cavalettis are special barriers that can be crossed by horses but not wheeled vehicles.) Signs are required for most recreational activities, but the other requirements are either specific to horse riding (fencing and cavalettis) or much higher for horse riding than for other recreational activities (trail maintenance and hardening). Fencing is used to create laneways that constrain riders to authorized trails; this cost could be avoided if riders complied with regulations restricting them to authorized trails.
Social equity
On grounds of social equity, all recreational activities in publicly owned conservation areas should be treated equivalently, to the extent they do not compromise the primary objective of management for nature conservation (Vollbon 1996) and do not impose conditions (such as noise pollution, danger or physical competition) which competitively exclude other recreational users (McArthur 2000) . Thus, equity also implies equal responsibility to conform to rules established to minimize impacts and conflicts between users. Equity in terms of not compromising nature conservation values is not the same as treating each person equally, regardless of activity. A single horse rider generally has a greater negative impact on conservation values than a single dog walker or hiker. Furthermore, the management resources required to provide for a single rider are frequently greater than the resources required to provide for a single participant in many of the other recreational activities that occur in conservation areas. Vollbon (1996) argued that it is therefore socially equitable for more walkers than riders to use conservation areas, on the grounds that walkers individually do less damage, and cost less to manage.
Implications for managing horse riding in Canberra Nature Park
Probable high risk of environmental damage in some areas
There is a large body of scientific evidence indicating that environmental damage is very likely to occur when horses are ridden off established trails, on poorly constructed or maintained trails, and on trails across steep, wet or boggy terrain. Environmental damage is most likely to have serious consequences for nature conservation when it affects areas that have high natural integrity or provide habitat for threatened flora and fauna. Objective criteria can be constructed for assessing different areas according to level of risk posed by horse riding. Since nature conservation is the paramount management objective of the CNP, it is reasonable that horse riders should be denied access to areas of the Park where there are high risks of damage to nature conservation values.
Apparently low risk of environmental damage in other areas
There are few studies and no scientific evidence of environmental damage caused specifically by horses when they are ridden along well-constructed and -maintained trails across gently sloping, well-drained terrain. There are, instead, rational grounds for suspecting that horses may cause negligible damage under these circumstances. However, this conclusion is based on an absence of reports of damage, rather than any positive evidence that damage does not occur. In particular, there have been few studies of weed spread associated with horse use of such trails. There is therefore an urgent need for undertaking a carefully designed monitoring study that will allow a more informed decision to be made. Management policies should be sufficiently flexible to allow appropriate adaptive responses to the results of monitoring.
Need for equity in providing opportunities for natural recreation
If the precautionary principle were to be strictly applied, most recreation activities could be banned from all Australian conservation areas including CNP, on the grounds that they undoubtedly pose an inherent risk of causing environmental damage. It would not be equitable to single out horse riding on these grounds only. However, levels of environmental impact vary, as do levels of impact on other people's experience. The balance of evidence suggests that, per user, horse riding is probably associated with higher environmental impacts than any of the other recreational activities permitted in CNP. Management costs are also higher. Furthermore, although the effect of low levels of horse riding on the recreational experience of other users may not be high, there is sufficient potential for conflict to justify limiting the level of horse-riding activity. Thus, while it would not be equitable to ban horse riding altogether, it would be equitable to restrict it to a greater extent than other less damaging and/or conflicting recreational activities. P r i n c i p l e s t o g u i d e m a n a g e m e n t o f h o r s e r i d i n g i n C a n b e r r a N a t u r e P a r k
The following principles for the provision of recreational horse riding opportunities in CNP were developed within the constraint that horse riding in the Park must not compromise primary management objectives for conservation of the natural environment.They reflect the potential for horses to impact mechanically upon vegetation and ground surfaces and to introduce weeds to natural areas.They also take account of the historical development of a horse-trail network that links government horse paddocks, provides the ACT component of the bicentennial horse trail and currently is dependent upon access to parts of CNP for continuity. Safety and conflict issues associated with using and sharing multi-purpose facilities are also recognized.
11. The activity being provided for is recreational trail riding. More specialized activities that involve off-trail or fast riding, such as training for or conducting cross-country or endurance events, are not appropriate and will not be provided for. Commercial horse riding will be subject to the same management principles, in addition to any applicable concessions policy.
12. Dogs will not be allowed to accompany horses and riders in CNP, because of the potential for accident, injury and disturbance.
13. Horse riding will be confined to specified trails that form part of the ACT horse-trail network. Priority will be given to maintaining trail links that service government horse paddocks and the bicentennial trail. Trails will be identified by appropriate signage.
14. Trails will be located near the perimeter of reserves and in zones that have already been extensively modified, as far as possible, so that potential for undesirable impact on nature conservation values can be either avoided or subject to low risk. Gentle grades will be preferred.
15. Trails will be constructed and maintained to a standard that is characterized by: adequate drainage in wet areas; a hard or stable surface so that erosion potential is minimized; few opportunities for weed establishment by having a hard surface, or being located in a disturbed area that already is dominated by exotic species; and adequate visibility and passing width for riders and other users.
16. Where discrete sites of scientific, ecological or cultural significance may be subject to, or at risk of, damage, horse riding will be excluded or physically separated from these sites by trail location or barriers.
17. Rationalization of horse trails will be necessary where pre-existing horse-riding activities are in conflict with conservation requirements. Where a trail forms an important link in the horse-trail network and there is no readily available alternative route, horse riding may be allowed to continue if the trail is of satisfactory construction and maintenance standard, and impact can be confined to the trail. Changes may need to be staged (e.g. to allow an alternative route to be developed before closing a trail segment).
18. A high degree of rider compliance will be required if horse riding on unfenced trails is to continue in CNP.
A code of conduct for equestrian use of CNP will be developed in collaboration with the equestrian community.
19. A programme for monitoring will be developed for levels of use of horse trails, compliance with use constraints (including any code of conduct) and the impact of horseriding activities on nature conservation values, and the experience of other park users.
10. These principles may be modified if the results of the monitoring programme indicate that the impacts of horse-riding activities are unacceptably high.
A s s e s s i n g r i s k a t i n d i v i d u a l s i t e s w i t h i n C N P
Individual areas of CNP were evaluated to determine their suitability or otherwise for horse riding according to these principles, using a proforma for recording objective assessment of risk (available on request from Bill Logan or David Shorthouse). This procedure was applied to all areas with established patterns of equestrian use, and to other areas where horse riding was a subject of contention. Of the 13 separate reserves that were evaluated, 12 were found suitable for some level of horseriding activity. In many cases the existing horse trails were in highly modified areas and of satisfactory standard. Some otherwise satisfactory trails were identified as needing drainage works, and several short steep sections were also identified for upgrading or re-routing. Several possibilities for new perimeter trails to provide circuit loops were identified for exploration. Several trails that crossed reserves or did not meet safety or construction standards were deemed unsuitable and will be closed. Several other long-established trails across reserves were identified as potentially suitable, providing that riders exhibit very high levels of compliance in using only designated trails. The amended horse-riding policy for CNP has established a framework for management of a recreational activity that has been dogged by controversy for several years. While some criticism is still in evidence, the process has advanced to a stage where management decisions can be taken in an open, consistent and justifiable manner. All sides have increased certainty as to where horse riding is or is not permitted. Implementation of horse-riding policy will be a continuing activity involving consultation with both proponents and protagonists. The monitoring programme will be crucial for showing whether it is also compatible with CNP's paramount management objective of nature conservation. In the absence of local data, the policy is necessarily based on reasonable hypotheses. Future management will need to embrace an adaptive approach that ensures new knowledge, including the results of monitoring studies, is used to modify management practices as necessary to achieve primary conservation outcomes.
